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Highlights 
• The article describe the prevalence of putative periodontal pathogens in high risk 
population for aggressive periodontitis (AgP) using qPCR 
 
• The association of the bacteria with the cases of AgP depend on the detection 
threshold level 
 
 
• Pathogen of the red complex particularly T. forsythia and T. denticola had a high 
prevalence (>70%) in AgP cases at all detection levels, while P. gingivalis was more 
prevalent in case at the lowest detection threshold 
 
A. actinomycetemcomitans was identified less frequently than the other bacterial species 
with no difference in its prevalence between cases and controls 
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Abstract 
Background and objectives: There has been limited study of the bacterial species associated 
with aggressive periodontitis (AgP) in high-risk populations in Africa. The aim of this study 
was to investigate and quantify the presence of four putative periodontal pathogens in the 
subgingival plaque of Sudanese subjects with AgP. A secondary aim was to investigate the 
effect of varying the detection threshold on the reported prevalence of the bacterial species 
investigated. Materials and methods: Subgingival plaque samples were collected from AgP 
cases (n=73) and healthy controls (n =71). Bacterial DNA was extracted and analyzed by 
quantitative polymerase chain reaction for the detection and quantification of four putative 
periodontal pathogens: Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, 
Treponema denticola and Tannerella forsythia. Results: At the lowest detection threshold (> 
101 cells), P. gingivalis (p < 0.0001) was more prevalent in AgP cases than controls. T. forsythia 
and T. denticola had a high prevalence (> 70%) in AgP cases at all detection levels. While T. 
forsythia was significantly more frequently identified in AgP than in controls at all detection 
thresholds, this was only the case for T. denticola at the intermediate threshold (> 102 cells). 
A. actinomycetemcomitans was identified less frequently than the other bacterial species with 
no difference in its prevalence between AgP cases and controls. Conclusion: The prevalence of 
the putative periodontal pathogens investigated varied considerably in Sudanese subjects with 
AgP and in periodontally healthy controls depending on the detection thresholds applied. T. 
forsythia was identified as having the strongest association with AgP. 
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Introduction 
 
The term aggressive periodontitis (AgP) was introduced by the International Workshop for the 
Classification of Periodontal Diseases and Conditions (Armitage, 1999). It is a relatively 
uncommon condition where there is rapid loss of periodontal tissue including alveolar bone, 
and can present in localised or generalised forms.  The disease tends to occur in adolescents or 
young adults who do not display the classically defined periodontal risk factors, and there is 
usually a familial tendency suggesting a certain genetic susceptibility to the disease. The disease 
progression observed in AgP is considered sufficiently different from the generally slow linear 
destruction observed in chronic periodontitis, as to be considered a separate disease. The 
prevalence of AgP varies between populations, and differences in ethnicities seem to be a key 
factor. It is most prevalent in Africa and in populations of African descent (1-5%) and least 
prevalent (0.1%) in Caucasians in Europe and North America (Susin et al., 2014).  
A recent review has highlighted the complex microbial aetiology of AgP (Kononen & Muller, 
2014). Of the potential putative pathogens involved, much research has focused on 
Aggregatibacter actinomycetemcomitans as the major pathogen associated with localised AgP 
(LAgP). It has been suggested that A. actinomycetemcomitans can be transmitted from family 
members at an early age in life (Asikainen et al., 1996, Dogan et al., 2008). However, the great 
genetic diversity of A. actinomycetemcomitans has resulted in both harmless and highly virulent 
variants of the species. The JP2 clone of A. actinomycetemcomitans, a genetic variant with 
increased leukotoxic activity, is considered as a risk factor for initiation of attachment loss 
(Höglund Åberg et al., 2014). Since A. actinomycetemcomitans can live in both the presence 
and absence of oxygen, it is associated with early colonization of the ecological niche. 
A prospective study of adolescent schoolchildren in Morocco established that the JP2 clone of 
A. actinomycetemcomitans, caused LAgP (Haubek et al., 2008). The JP2 clone is prevalent in 
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populations from  North and West Africa, however it is responsible for only a small fraction of 
all cases of LAgP (Haubek et al., 2008, Höglund Åberg et al., 2014)  Other prospective 
investigations (Fine et al., 2007; Fine et al., 2013) have supported a role for A. 
actinomycetemcomitans in the initiation and progression of AgP, however, not all studies have 
identified this species, even in very young individuals who present with early signs of 
periodontal destruction (Albandar et al., 1997). Recent data have shown A. 
actinomycetemcomitans to be less prevalent in deep pockets and at sites with attachment loss 
of >3mm (Dahlén et al., 2014). As the periodontal pocket progressively deepens the ecology 
shifts towards an anaerobic highly proteolytic condition, with A. actinomycetemcomitans being 
replaced by the obligate anaerobic periodontal pathogens of the red complex. In support of this 
studies of subjects with generalised AgP (GAgP) tend to show more heterogeneity of 
microorganisms, with red and orange complex organisms such as Porphyromonas gingivalis 
and Tannerella forsythia being frequently detected in plaque samples (Lopez et al., 1996; 
Takeuchi et al., 2003; Kamma et al., 2004; Riep et al., 2009). 
 
Studies focused on high-risk populations are important to investigate the determinants of AgP 
and provide information which might result in effective health-promotion measures (Susin et 
al., 2014). An epidemiological study of 13-19 year-old students from high schools in Khartoum, 
Sudan identified AgP in 3.4% (Elamin et al., 2010). A follow-up study identified A. 
actinomycetemcomitans in the majority (71%) of those with AgP but the JP2 clone was not 
detected in any of the subjects (Elamin et al., 2011). However, more recently A. 
actinomycetemcomitans was found in only 29% of AgP patients seeking treatment at a specialist 
unit in Khartoum (Elabdeen et al., 2015) and the JP2 clone was identified in only one patient. 
Differences found within and between populations may in part reflect differences in the 
methods used to detect various bacterial species. It is hypothesized that using methods with low 
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detection limits, such as polymerase chain reaction (PCR), will increase the probability of 
identifying specific bacterial species. The present study aimed to investigate the presence of 
four putative periodontal pathogens in the subgingival plaque of a well characterized cohort 
with AgP in Sudan. A secondary aim was to investigate the effect of varying the threshold 
detection limit on the reported prevalence of the bacterial species investigated.  
 
Materials and Methods  
 
Study population 
The cases were 73 subjects (18 males, 55 females) with AgP recruited from patients seeking 
treatment at the Department of Periodontology, Khartoum Dental Teaching Hospital, Faculty 
of Dentistry, University of Khartoum. The controls were 71 periodontally healthy subjects (23 
males, 48 females) recruited from patients attending non-periodontal clinics in the same 
hospital, matched for age and ethnicity (based on tribal origin) to those recruited with AgP. All 
subjects were examined under ideal conditions in a dental clinic by a single examiner, who was 
an experienced specialist periodontist (N.T.H.). Full-mouth measures of probing pocket depths 
(PPD) and clinical attachment levels (CAL) were obtained at 6 points per tooth. The controls 
in some cases had evidence of gingival inflammation but had no evidence of periodontitis with 
no PPD or CAL >3 mm.  Demographic information collected for those investigated included 
age, gender, tribal affiliation and information regarding smoking. All subjects were informed 
about the nature of the study and provided written consent. The study protocol was approved 
by the Faculty of Dentistry, University of Khartoum Health Research Ethics Committee (HREC 
assigned number 1/2008). 
 
Inclusion Criteria 
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Patients with AgP were diagnosed and selected based on a number of criteria including age, 
severity of interproximal attachment loss assessed clinically and bone loss as observed on 
radiographic examination (Hodge et al., 2000) (Supp table 1). Radiographic examination, 
which included an orthopantomogram and intraoral views, was also performed for each subject 
with a clinical diagnosis of AgP to confirm the diagnosis. Subjects with AgP were classified as 
localized or generalized by applying  the criteria of the 1999 World Workshop for the 
Classification of Periodontal Diseases and Conditions (Armitage, 2004) according to the 
number and type of teeth affected.  The disease was considered localized (LAgP) when there 
was attachment loss affecting less than 8 teeth including incisors and first molars, whereas 
generalized (GAgP) was defined when there was generalized attachment loss on 8 or more 
teeth, at least 3 of which were not first molars or incisors.  
 
Exclusion criteria 
Subjects were excluded if they were not Sudanese nationals, had diseases or conditions that 
could pose health risks to the participants or examiners, had medical conditions identified by 
self-report, such as diabetes or neutropenias that could influence their periodontal condition, 
had received a course of antibiotics within the previous month, or had received periodontal 
treatment prior to the commencement of the study and collection of plaque samples. 
 
Microbiological sampling 
During the initial clinical assessment PPD were obtained at 6 points per tooth and in cases only 
sites with PPD ≥ 5 mm were considered for microbiological sampling at a subsequent visit. 
Subgingival plaque was collected from the most accessible mesial and distal sites of molars and 
incisors in both AgP cases and controls. Sample sites were isolated with cotton rolls and air 
dried. Supragingival plaque was carefully removed with a sterile curette and paper points 
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(≠40Dentsply, Ballaigues, Switzerland) were then inserted to the depth of the pockets and held 
in place for 10 seconds.  5 samples were collected from each patient and the paper points were 
immediately placed into sterile Eppendorf tubes kept on ice and transported to the laboratory. 
Samples were stored at -80oC until processed for DNA extraction which was performed within 
12 months of sampling. 
 
Plaque DNA extraction and quantitative real time PCR (qPCR) 
The total plaque genomic DNA of the bacterial samples was isolated by means of a DNA 
purification kit (DNeasy, Qiagan, Hilden, Germany) according to the manufacturer’s protocol.  
Briefly frozen plaque samples were allowed to thaw at room temperature and centrifuged to 
obtain a bacterial pellet. Prior to bacterial DNA extraction an enzymatic lysing step was carried 
out where the bacterial pellet was resuspended in enzymatic lysing buffer mix containing 
Proteinase K. Samples were then processed for standard DNA extraction as per the 
manufacturer’s protocol. Measurements of the concentration and purity of the extracted DNA 
were carried out using a Nanodrop 1000 spectrophotometer (Thermo Fischer Scientific, 
Wilmington, DE, USA). 
 
For real time qPCR specific primers that had been previously validated for the periodontal 
pathogens P. gingivalis, A. actinomycetemcomitans, Treponema denticola and T. forsythia were 
used (Kozarov et al., 2006) (Supp table 2). Primers were designed using Primer- ExpressTM 
software (Applied Biosystems, Foster City, CA). Briefly, sequences for the 16S rRNA genes of 
the organisms of interest were aligned and inspected for regions of conserved and variable 
sequences. Regions specific for target bacteria were selected and evaluated using BLAST 
and/or Gapped BLAST searches.  Only sequences with appropriate specificity were designated 
as probes and appropriate amplification primers were then designed. All primers were tested 
9 
 
for specificity against 40- 50 laboratory strains of bacteria (Kozarov et al., 2006). 
 
DNA isolated from a pure culture of each pathogen (P. gingivalis (ATCC 33277); A. 
actinomycetemcomitans (NCTC 9710); Treponema denticola (ATCC 35405); T. forsythia 
(ATCC 43037)) was used to generate a standard curve, with tenfold serial dilutions of genomic 
DNA corresponding to bacterial numbers from 101 to 106 cells. PCR was performed using 96 
well plates on a Mx3005P qPCR System, (Agilent Technologies, Cheshire, UK).  Each PCR 
was performed in a total volume of 10 µl containing 9 µl of SYBR Green master mix 
comprising 5 µl SYBR Green and Rox (Sigma, UK), 3.9 µl nuclease free H2O and 0.1 µl mix 
of forward and reverse primers at a final concentration of 5 pmol/ µl along with 1 µl target DNA 
from plaque samples or dilutions of target organism standards to make a final reaction volume 
of 10 µl. All samples were analysed in duplicate. PCR running conditions included an initial 
incubation of 15 min at 95º C followed by 40 cycles consisting of denaturing at 95º C for 30 
seconds; annealing at 55º C for 1 min followed by amplification at 72º C for 1 minute.  For the 
melting curve analysis, PCR products were incubated for 1 minute at 95º C, followed by 30 
seconds at 55º C and the temperature was then increased to 95º C with a ramp rate of 0.1/sec. 
PCR quantification analysis was performed using MxPro qPCR software (Agilent 
Technologies, Cheshire, UK) which, by default, set the minimum detection threshold. Using 
the standard curves for each microorganism, three additional detection thresholds were set (all 
of which were above the default setting): low, which included all samples with more than 10 
bacteria/sample; intermediate, which included all samples with more than 100 bacteria/sample, 
and high which included all samples with more than 1000 bacteria/sample.  
 
 
Data analysis 
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Student’s t-test was used to compare the age of the subjects and the number of sites with 
pocketing in the AgP group with the control group. Pearson’s Chi Square was used to test for 
differences in the prevalence of each of the four bacterial species in the AgP and control groups 
at each detection threshold (low, intermediate or high). Odds ratios (OR) and 95% confidence 
intervals (95% CI) were calculated to quantify the likelihood of a specific bacterial species 
being associated with AgP at each detection threshold. The significance level for the rejection 
of the null hypotheses for all tests was set at p< 0.05. 
 
A post-hoc power calculation was performed based on 29% prevalence of A. 
actinomycetemcomitans in AgP ((Elabdeen et al., 2015) and 6% in controls with no AgP 
(Elamin et al., 2011). This calculation showed that the current study had greater than 90% 
power to detect a difference in the prevalence of A. actinomycetemcomitans associated with 
AgP. 
 
 
Results 
A total of 73 subjects with AgP (mean age 24.7, standard deviation (SD) 5.5 years) and 71 
periodontally healthy controls (mean age 23.5 SD 3.7 years) were studied. There were 35 LAgP 
(mean age 23.8 SD 5.3 years) and 38 GAgP cases (mean age 25.4 SD 5.7 years). The percentage 
of sites with PPD >5mm was significantly higher in GAgP (51.0 SD 32.8 %) than in LAgP 
patients (19.3 SD 9.6 %), p<0.0001 (Table 1). 
Detection of periodontal pathogens using qPCR 
The prevalence of each bacterial species in both AgP and controls, at each detection threshold, 
is shown in Tables 2, 3 and 4.  The frequency with which each species was identified fell as the 
detection threshold increased. At the lowest detection threshold (>101 cells) P. gingivalis was 
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identified in 68.5% of cases which was significantly higher (p<0.0001) than in the controls 
(32.3%). At the intermediate (>102 cells) and high (>103 cells) thresholds P. gingivalis was not 
significantly associated with AgP (Tables 3, 4).  
 
T. forsythia was significantly associated with disease at all the thresholds applied.  The 
prevalence of T. forsythia was above 85% in AgP at all detection thresholds. In contrast the 
healthy controls had a of T. forsythia prevalence of less than 30% at the highest threshold. As 
can be seen in Table 4, the association of T. forsythia with AgP was strongest (OR = 15.17) at 
the highest detection threshold.  
 
T. denticola was identified in nearly all the AgP cases and controls at the lowest level of 
detection and was significantly (p<0.01) more frequently identified in AgP at the intermediate 
detection threshold (Tables 2, 2). At the highest detection threshold T. denticola was the most 
prevalent (57%) species in the controls (Table 4). 
  
A. actinomycetemcomitans was not associated with AgP at any detection threshold (Tables 2, 
3, 4). At the low and intermediate detection thresholds A. actinomycetemcomitans was the 
bacterial species least frequently identified. At the highest threshold a slightly higher frequency 
of A. actinomycetemcomitans (14%) than P. gingivalis (10%) was found in AgP cases.  
 
In general, the bacterial species studied were more frequently identified in GAgP than LAgP 
(Supplementary Tables 3, 4 and 5). P. gingivalis was the only bacterial species found to be 
significantly more prevalent in GAgP than LAgP at the lowest (>101 cells) detection threshold. 
T. forsythia remained at very high frequency in GAgP at all thresholds and was significantly 
more prevalent than in LAgP at the intermediate and highest thresholds.  No significant 
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differences in the prevalence of A. actinomycetemcomitans between GAgP and LAgP were 
found at any threshold.    
  
Discussion 
This study investigated the prevalence of four putative periodontal pathogens using real time 
qPCR in a group of Sudanese patients with AgP compared with healthy controls. The results 
broadly agreed with others which have suggested the red complex bacteria are often isolated in 
AgP (Fine et al., 2007; Kononen & Muller, 2014). The detection threshold employed 
substantially affected the prevalence of each specific bacterial species investigated. At the 
lowest level of detection (>101 cells) P. gingivalis and T. forsythia were more prevalent in AgP 
than controls whereas T. denticola was identified in virtually all AgP cases and controls. At the 
highest threshold level of detection (>103 cells) only T. forsythia remained significantly more 
prevalent in AgP.   The prevalence of A. actinomycetemcomitans was low irrespective of the 
threshold of detection with no significant differences between AgP and controls. We found that 
P. gingivalis at the lowest detection level, T. denticola at the intermediate detection level and 
T. forsythia at the intermediate and highest detection levels were more prevalent in GAgP than 
LAgP. We did not however, find significant differences in the prevalence of A. 
actinomycetemcomitans in LAgP compared to the generalised form of the disease.  
 
Microbiological findings for AgP differ between various populations worldwide (Kononen & 
Muller, 2014), however, a number of studies have identified the red complex microorganisms 
investigated in the current study, namely P. gingivalis, T. forsythia and T. denticola to be 
associated with AgP (Lopez et al., 1996; Ximenez-Fyvie et al., 2006; Feng et al.,2014). The 
bacterium with the strongest association with AgP in the current study was T. forsythia. At all 
levels of detection T. forsythia was identified in a high proportion (>85%) of the AgP cases and 
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at a significantly higher prevalence than in controls. At the highest threshold of detection (>103 
cells) there was a threefold higher prevalence of T. forsythia in AgP cases compared with 
controls.  
 
T. denticola was identified in the majority of both cases and controls at all levels of detection. 
Even in the control samples 57% were shown to have T. denticola above the highest threshold 
(>103 cells). It is possible that at least some of the bacteria identified may be present because 
local conditions have contributed to providing a supportive habitat (Bartold &Van Dyke, 2013). 
In fact, previous studies from African populations have reported very high levels of 
spirochaetes in subgingival plaque from subjects who were classified as resistant to 
periodontitis (Africa et al., 1985; Reddy et al., 1986). Studies in other ethnic groups also showed 
a high prevalence of T. denticola in healthy controls (Feng et al., 2014) 
 
Lowering the detection threshold increased the probability of identifying the specific bacterial 
species studied. It was only at the lowest detection threshold (>101 cells) that P. gingivalis was 
present at a significantly higher prevalence in AgP compared with controls. However, it could 
be argued that if bacteria are present at very low levels they are unlikely to be significant in 
disease pathogenesis. Recently, it has been hypothesised that periodontitis may be the result of 
dysbiosis (Hajishengallis et al., 2012). Evidence has been presented to show that the presence 
of certain keystone microbial species such as P. gingivalis, even at low-abundance, can 
orchestrate inflammatory disease by remodelling a normally benign microbiota into a dysbiotic 
one (Hajishengallis, 2011). 
 
The prevalence of AgP is much higher in African than other populations worldwide (Susin et 
al., 2014).  Genetically determined variances in the host response are important determinants 
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of the risk of periodontitis (Divaris et al., 2013) and these may result in alterations in the 
subgingival environment leading to the emergence of periodontal pathogens (Bartold et al., 
2013). There have been limited investigations in African populations, however, one recent 
study found that a genetic variant (rs1537415) in the glycosyl transferase gene GLT6D1 was 
associated with aggressive periodontitis in a Sudanese population (Hashim et al., 2015). Further 
work is required to fully define the genetic factors which are important in AgP.  It is possible 
that if the influence of genetic variability is strong, the role of the bacterial species may be less 
important (Lopez et al., 2015). 
 
A. actinomycetemcomitans was the least prevalent of the 4 species investigated and there were 
no significant differences in its prevalence between cases and controls. The prevalence levels 
of A. actinomycetemcomitans were broadly similar to those reported in other studies (Albandar 
et al., 1997; Mullally et al., 2000; Takeuchi et al., 2003). Longitudinal studies have established 
a role for A. actinomycetemcomitans in the development of LAgP (Haubek et al., 2008; Fine et 
al., 2013) but it is only a proportion of those with A. actinomycetemcomitans who go on to 
develop this condition (Albandar et al., 1997). It may be that as AgP progresses there are 
changes in the local conditions which interfere with the growth of organisms such as A. 
actinomycetemcomitans while encouraging the growth of others such as T. forsythia thereby 
resulting in a change to a more polymicrobial anaerobic flora (Aberg et al., 2015). In the current 
study subgingival plaque sample were obtained from subjects in whom 70% of disease sites 
have ³ 5mm pocket depth.  It has been shown that while A. actinomycetemcomitans can flourish 
in shallow and intermediate depth pockets (Hamlet et al., 2001; Faveri et al., 2009) the odds of 
a site containing this bacterium decrease in deeper pockets (Riep et al., 2009;  Dahlén et al., 
2014). Differences may therefore reflect variations in both the sampling strategy adopted 
(Winning et al., 2015) and in the clinical status of sites sampled. 
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There have been two previous studies from Sudan which have investigated the prevalence of 
A. actinomycetemcomitans in AgP cases and controls. The first study used PCR to identify A. 
actinomycetemcomitans in 71% AgP cases and 6% controls (total of 17 patients in each 
category) and it was then concluded that A. actinomycetemcomitans might be a useful marker 
of increased risk of developing AgP in young Sudanese (Elamin et al., 2011). The cases studied 
were high school students, on average, 15 years old, and therefore almost 10 years younger than 
the young adults who were studied in the current work. The second study involved AgP patients 
seeking treatment at specialist unit in Khartoum with an age and gender distribution broadly 
similar (Elabdeen et al., 2015) to the current study but they may have differed in relation to 
disease progression and severity. Using qPCR A. actinomycetemcomitans was identified in 29% 
(of 19) AgP cases but not in controls (Elabdeen et al., 2015). This was similar to the prevalence 
in the current study where at the lowest threshold A. actinomycetemcomitans was found in 26% 
of AgP, however, it was also identified in 14% of controls. Neither of the previous studies on 
Sudanese populations investigated the red complex bacterial species P. gingivalis, T. forsythia 
and T. denticola.  
This study investigated a limited number of bacterial species and it did not collect data on a 
number of possible confounding factors such as socioeconomic status. The study was cross 
sectional and therefore not able to identify bacterial species associated with the causation of 
AgP. The results however agreed in general with others which have identified bacterial species 
from the red complex amongst those with a strong association with established AgP accepting 
that this may not reflect an important role in causation. Despite differences in the 
microbiological methodology adopted the results add to data collected in this region of Africa 
where there is a high prevalence of AgP. 
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Conclusion 
In summary, four putative periodontal pathogens P. gingivalis, A. actinomycetemcomitans  T. 
denticola and T. forsythia were detectable in both AgP cases and healthy controls in Sudan. T. 
forsythia was present with a higher prevalence in AgP at all detection thresholds whereas it was 
only at the lowest level that P. gingivalis was significantly more prevalent in AgP than controls 
in the Sudanese subjects investigated. A. actinomycetemcomitans was identified less frequently 
than the other bacterial species investigated and there was no difference in its prevalence in the 
localized or generalized form of the disease. 
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Table1: Clinical indices for cases with localised and generalised AgP and healthy 
controls. Differences in number of sites compared by t-test, * = p<0.001). 
PI: (Plaque index); PD: (Pocket depth); CAL: (Clinical attachment level).   
 
  
 LAgP (n=35)      GAgP (n=38)   Healthy (n=71) 
Age 23.8 (±5.3)      25.4 (±5.7)   23.5 (±3.7) 
PI 1.03  (± 0.076)      1.14 ( ± 0.23)   0.76  (± 0.41) 
PD≥ 5mm 19.3 ( ± 9.6)       51.0  (± 32.8) *    0.0 
CAL≥5mm 28.44 ( ± 12.10)      63.15 ( ± 38.30) *   0.0 
 
 
 
 
 
Table 2.  Prevalence of periodontal pathogens P. gingivalis (Pg); T. forsythia (Tf); A. 
actinomycetemcomitans (Aa) and Treponema denticola (Td) in AgP subjects and 
controls at low threshold values (>101 cells). Odds ratios are corrected for gender. 
Differences in prevalence tested by Pearson’s Chi Square.  
 
 
 AgP 
n =73 
Controls 
n=71 
p value Odds ratio 
(95% CI) 
Pg 50 (68.5%) 23 (32.3%) 0.0001 4.60 (2.27-9.33) 
Tf 71 (97.3%) 56 (78.9%) 0.0006 9.13 (1.99-41.74) 
Aa 19 (26.0%) 13 (18.6%) 0.28 1.54 (0.70-3.43) 
Td 68 (95.8%) 68 (97.1%) 0.66 0.76 (0.12-4.73) 
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Table 3.   Prevalence of periodontal pathogens P. gingivalis (Pg); T. forsythia (Tf); A. 
actinomycetemcomitans (Aa) and Treponema denticola (Td) in AgP subjects and 
controls at intermediate threshold values (>102 cells). Odds ratios are corrected for 
gender. Differences in prevalence tested by Pearson’s Chi Square. 
 
  
 
 
 AgP  
n =73 
Controls 
n=71 
p value Odds ratio 
(95% CI)  
Pg 28 (38.4%) 18 (25.3%) 0.09 1.88 (0.92-3.86) 
Tf 68 (93.2%) 44 (62.0%) 0.0001 8.10 (2.89-22.69) 
Aa 15 (20.5%) 11 (15.7%) 0.45 1.38 (0.59-3.27) 
Td 67 (94.4%) 56 (80.0%) 0.01 4.04(1.25-13.03) 
 
 
 
 
 
 
 
Table 4. Prevalence of periodontal pathogens P. gingivalis (Pg); T. forsythia (Tf); A. 
actinomycetemcomitans (Aa) and Treponema denticola (Td) in AgP subjects and 
controls at high threshold values (>103 cells). Odds ratios are corrected for gender. 
Differences in prevalence tested by Pearson’s Chi Square. 
 
 
 AgP 
n =73 
Controls 
n=71 
p value Odds ratio 
(95% CI) 
Pg 7 (9.6%) 14 (19.7%) 0.085 0.41 (0.16-1.11) 
Tf 63 (86.3%) 21 (29.6%) 0.0001 15.17 (6.51-35.35) 
Aa 10 (13.7%) 6 (8.6%) 0.33 1.59 (0.54-4.67) 
Td 51 (71.8%) 40 (57.1%) 0.07 1.93 (0.95-3.91) 
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